ABSTRACT: Squeezing is a phenomenon that may occur in deep tunneling and could bring about a large plastic deformation, tunnel closure and collapse of tunnel supports. Therefore, quantitative estimations of deformation and stress from squeezing and its possibility are necessary for establishment of a rational tunneling method. This study carried out three dimensional numerical analyses using a strain softening model in order to simulate the behaviour of squeezing and to estimate deformation and yield area around tunnels quantitatively. Numerical analyses were performed for 42 cases of various stress and strength conditions. As a result, the maximum tangential stress and strength of rock mass ratio could estimate plastic deformation and yield depth around tunnels and equations of relations between them were proposed.
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. Table 2 . Classification of the degree of squeezing by the tangential strain of tunnel periphery (after Aydan et al., 1993) Class No. Squeezing degree Symbol Theoretical expression Comments on tunnel behavior
The rock behaves elastically and the tunnel will be stable as the face effect ceases
The rock exhibits a strain-hardening behaviour. As a result, the tunnel will be stable and the displacement will converge as the face effect ceases
The rock exhibits a strain-softening behaviour, and the displacement will be larger. However, it will converge as he face effect ceases 4 Heavy-squeezing HS
The rock exhibits a strain-softening behaviour at much higher rate. Subsequently, displacement will be larger and it will not tend to converge as the face effect ceases 5
Heavy-squeezing VS
The rock flows which will result in the collapse of the medium and the displacement will be very large and it will be necessary to re-excavate the opening and install heavy support Squeezing class competency range The tunnel behaviour according to Aydan et al. (1993) No squeezing RMi/  >1 The rock behaves elastically and the tunnel will be stable as the face effect ceases.
Light squeezing RMi/  =0.7-1
The rock exhibits a strain-hardening behaviour. As a result, the tunnel will be stable and the displacement will converge as the face effect ceases.
Fair squeezing RMi/  =0.5-0.7
The rock exhibits a strain-softening behaviour, and the displacement will be larger. However, it will converge as the face effect ceases.
Heavy squeezing RMi/  =0.35-0.5
The rock exhibits a strain-softening behaviour at much higher rate. Subsequently displacement will be larger and will not tend to converge as the face effect ceases Very heavy squeezing RMi/  =0.35*)
Ther rock flows which will result in the collapse of the medium and the displacement will be very large and it will be necessary to re-excavate the tunnel and install heavy supports *) This value has been roughly estimated.
(a) Elastic-perfect plastic (b) Elastic-brittle plastic (c) Elastic-strain softening Table 3) . Fig. 2(a) ).
수치 해석

반면 탄성-취성-소성 모델과 탄성-변형률 연화 모델은
항복 이후의 강도가 일정 수준의 잔류 강도로 떨어지 게 되며 이 때 잔류 강도로 급격한 변화를 보이는 취성( Fig. 2(b) ) 과 점진적 변화를 보이는 변형률 연화 (Fig. 2(c) Table 5 . Input parameters of rock masses for the numerical analyses 
여기서, mb는 암반에 대한 암종계수, s와 a는 암질과 관련되는 계수이며   는 무결암의 일축압축 강도이다.
한편 변형률 연화 모델 해석을 위해 필요한 잔류
강도는 다음 식 (8)과 같이 정의된다. (Fig. 4(a) ) 정수압 조건인 경우 터널을 둘러싸고 발달하고 있음을 알 수 있다 (Fig. 4(b) ). 이같 은 현상은 터널 단면상의 응력 분포 곡선을 나타낸 
